in or has the potential to result in an adverse consequence to a person, equipment, or institution.
Data relating to the nature and management of critical incidents in the prehospital setting is limited. The Consultative Committee on Road Traffic Fatalities (CCRTF) in Victoria identified prehospital deficiencies that contributed to a significant number of preventable fatalities. [14] [15] [16] [17] There was no assessment of survivors, nontrauma cases, or non-documented critical incidents. It is likely that the CCRTF findings represent a minority of prehospital critical incidents. Other studies in the prehospital setting only refer to small patient subsets and specific critical events. [18] [19] [20] [21] Incident monitoring has not been adopted widely in the prehospital setting. In 2002, Boyle et al conducted a literature review and national workshop on this subject. 22 They concluded that prehospital incident reporting practice was "haphazard at best", and recommended the implementation of a critical incident monitoring system.
The Critical Incident Monitoring and Audit in a Prehospital Setting Project was created to introduce such an Incident Monitoring System (CIMS), with a primary focus on trauma care. A three-month trial period was completed.
Purpose
The purpose of this paper is to briefly describe the process of Incident Monitoring System implementation and to describe the nature of critical incidents identified during the pilot project.
Methods
This is a prospective, descriptive, study of the implementation of a critical incident monitoring process in a regional prehospital setting. It is the six-month pilot to a 36-month full project. 
Setting
The study is a collaboration between Rural Ambulance Victoria (RAV) Area 1 and the Geelong Hospital Emergency Department. The RAV Area 1 serves an area of approximately 10,600 square kilometers in southwest Victoria, Australia with a population >240,000 and manages approximately 18,000 emergency cases per year.There are 104 RAV personnel involved in clinical work in this area.
Geelong Hospital is a tertiary-level regional center in southwest Victoria, with a mixed adult and pediatric patient base. The emergency department currently manages approximately 40,000 patients per annum. It is the only tertiary-level public hospital serving the region.
Critical Incident Monitoring System
Several simultaneous methods of incident monitoring were instituted. Incident monitoring combined with chart review previously has been validated in the hospital setting. 23 Paramedics were provided with an anonymous, Web-based, self-reporting form available on the Rural Ambulance Victoria Intranet, and a similar paper-based form to increase ease of access. Emergency department staff also utilized this paper-based form. It is similar to the existing emergency department incident reporting mechanism. All forms were readily accessible and all reports were confidential, anonymous, and voluntary. Incident reporting was encouraged in trauma and non-trauma cases, regardless of outcome. All reported incidents were logged, investigated, and included in the study. Formal education regarding the process of reporting occurred at the initiation of the project for emergency department and ambulance staff.
In addition, all major trauma cases were included, as defined by Department of Human Services (DHS) criteria. Geelong Hospital patients were captured by the existing emergency department database. Patients transported to other hospitals and on-scene fatalities were identified during routine patient care record audit. A member of the research team conducted an initial chart review of the ambulance patient care records and hospital notes. Pertinent facts to be gathered followed a predefined template. Cases requiring further analysis were identified. In some trauma cases, a further mechanism of "hot debriefing" was utilized, whereby a senior ambulance representative and a consultant emergency physician interviewed the paramedics involved in major and multiple trauma cases. This was designed to identify critical incidents and predisposing circumstances not documented in the patient care record. This methodology was employed in major trauma cases in which paramedics raised particular concerns, when a significant critical incident was identified in the chart review, or when the research team felt that the case may be predisposed to error (such as mass-casualty incidents). "Hot debriefings" also could be "volunteered" by paramedic staff for non-trauma cases. The hot debriefings were intended to provide positive feedback to paramedics and to foster the relationship between emergency and paramedic staff. Debriefings were designed to be non-confrontational and collegiate in execution. All hot debriefings were performed within 14 days of the event.
The Project Management Committee examined all cases identified by this multi-system approach at monthly intervals. The Committee consisted of several senior ambulance personnel and consultant emergency physicians. Each case was examined for the presence of critical incidents, and each incident was categorized using a structured format. The incident initially was categorized to one of 14 "CIMS Incident Types" that were developed specifically for this study. The incident was classified further based on the system employed by the CCRTF study. 16 Each incident was assessed for risk of adverse outcome using a matrix that related incident frequency to severity of outcome. Attempts were made to identify mitigating circumstances. Strategies to resolve the incident were discussed and implemented. All decisions were made by group consensus.
The coding of incidents and the management that ensued were recorded on a specifically designed Microsoft Access 2000 database (Microsoft Inc., Redmond, WA). Data was analyzed using Jandel Scientific Sigmastat 2000 Statistical Software and Microsoft Excel, 2000. Prehospital Critical Incident Monitoring System ed incident. There were 12 reports of inadequate ambulance numbers and three reports of inadequate staffing.
Further classification of incidents in-line with CCRTF reporting indicates that the majority of incidents (72.7%; 95% CI = 65.5-80.0%) related to system inadequacies ( Table 2 ). The most frequently identified incidents related to prolonged times followed by inadequate numbers of staff and communication between EMS sources. Problems with the intubations were infrequent.
Lack of ambulance availability at the time of dispatch resulted in eight of nine (88.9%; 95% CI = 70.6-100%) cases of prolonged time to ambulance arrival on-scene. Of the nine cases of prolonged ambulance time-at-scene, four (44.4%; 95% CI = 30-58.9%) occurred at mass-casualty incidents as a result of delay in back-up crew availability. In these cases, the initial crew remained on-scene until other crews arrived to avoid leaving patients unattended. Management-related issues occurred in 15 of 77 (19.5%; 95% CI = 17.8-21.2%) incidents with inadequate documentation being the most common (3 of 15; 20.0%; 95% CI = 16-24%).
Among the technique errors, (6 of 77; 7.8%; 95% CI = 7.3-8.3%); two separate cases occurred where a Pneumocath ® inserted by Mobile Intensive Care Ambulance (MICA) paramedics failed to relieve a pneumothorax, and both were identified at debriefings rather than from patient care records or anonymous reports.
Thirty-four of 77 (44.2%; 95% CI = 39.3-49.1%) incidents were considered mitigated (partly or completely explained by circumstances) by the CIM Committee ( Figure 2 ). An example of a mitigated incident was a communication problem at a rural, multi-casualty road crash. The crew provided the RAV Communications Center with inadequate information from the scene. This was mitigated because the portable equipment could not transmit due to a geographical dead spot, the scene was spread over a considerable distance and there was no mobile telephone coverage. The crew was obliged to return to the vehicle and interrupt patient care to report information. Another exam-
Ethical and Legal Matters
Approval for the study was obtained from the Barwon Health Research and Ethics Committee and the RAV Medical Standards Committee. Informed written consent was obtained from all staff that participated in the process. Minutes from meetings and hot debriefings were kept in secure databases, and all data were de-identified.
Results

Demographics
In the three-month data collection period, there were 4,429 ambulance responses in the RAV Area 1. During this time, 41 individual cases met the criteria for analysis. Twentyfour (58.5%; 95% CI = 49.7-67.4%) were identified by anonymous reporting systems, while the remainder were patients who met DHS prehospital major trauma criteria. Of these trauma patients, 10 (58.8%; 95% CI = 45.1-72.6%) were transported to the Geelong emergency department, five (29.4%; 95% CI = 23-35.8%) to major trauma centers, and two (11.8%; 95% CI 10-13.6%) patients were deceased onscene. Of these 17 cases, nine (52.9%; 95% CI = 40.4-65.5%) were eligible for a "hot debriefing". Eight of the nine (88.9%; 95% CI = 70.6-107.1%) scheduled debriefings were performed within the designated 14-day time span. The majority of major trauma cases were victims of motor vehicle crashes (Figure 1 ).
Incident Analysis
There were 77 incidents identified in the 41 cases, with a mean of the number of incidents/case of 1.8 (95% CI 1.03-2.57). Anonymously reported cases resulted in 26 incidents (mean value for incidents per case = 1.1; 95% CI = 0.98-1.22). Analysis of the major trauma cases identified 51 incidents (mean value per case = 3.0; 95% CI = 1.17-4.83). Trauma debriefings identified 38 incidents in total (mean = 4.8; 95% CI = 0.91-8.69). Trauma chart review revealed 13 incidents with a mean of 1.6 (95% CI 1.04-2.16) per case. The breakdown of incidents by CIMS Incident type is listed in Table 1 . Resource problems were the most common report- 
Discussion
In this study, the project group was able to successfully implement a CIMS in the prehospital setting. This project is the first of its kind. This multifaceted CIMS approach is based on current emergency department processes and processes derived from a literature review. It was designed to compliment existing ambulance audit systems. The combination of incident-detecting techniques has a greater yield and has the potential to capture different incident types. 22, 23 Anonymous incident reporting provided an avenue for individuals to identify system deficiencies without embarrassment or fear of reprisals. [24] [25] [26] The potential benefit of recording incidents is three-fold. The individual is able to take a confident, active approach in receiving the attention of higher management. Data provide a useful tool for system change. Third, stress and fatigue have been shown to increase error rates in individuals and measures to combat this in turn may reduce error rates. 27 Web-based incident reporting currently is recognized as a useful tool for patient safety within the hospital system. 28 Chart review is especially effective in identifying errors not recognized by care providers themselves, such as failure to provide analgesia. 23 Chart review also is useful for the identification of some specific details such as response times.
Hot debriefings identified a large proportion of incidents in this study. The debriefing process may have exposed a greater number of incidents partly due to the presence of undocumented errors. The ability to only be able to recognize documented incidents is a criticism of a number of CIMS in the literature. 22 Selection bias may partly be responsible for the greater number of incidents detected as cases with greater propensity for error (i.e., major trauma) were debriefed selectively. Debriefings were performed in a timely manner to allow complete reporting. Inevitably, recall of less memorable events degrades over time. 1, 5 The debriefing process was deemed useful by the paramedics and provided them with constructive feedback.
Roundtable meetings of the Project Management Committee were employed to combat the poor inter-rater reliability of the chart review. [29] [30] [31] Classification allowed important and recurring incidents to be identified and ple of a mitigated incident involved five unsuccessful attempts (four by MICA crew and one by an air ambulance paramedic) to establish a second intravenous line in a timecritical trauma case. The 16-gauge line in situ was adequate, and the decision to transport with one line was deemed appropriate by the Management Committee.
Patient Outcomes
Patient outcomes as a consequence of the registered critical incident are listed in Table 3 . The two cases involving fatalities were not trauma-related cases. One death involved a delay to the initiation of cardiopulmonary resuscitation (in a patient with pulseless electrical activity thought to be unlikely to have influenced the case outcome). Five of the six severe incidents (83.3%; 95% CI = 58.5-100%) related to a single road crash that overwhelmed the available resources. The sixth severe incident was a generalized resource issue that resulted in a substantial delay in attending to a patient with severe hemorrhage due to inaccurate information provided by laypersons at the scene.
An example of an incident with moderate impact was a multi-trauma patient who survived significant injuries after a 104-minute delay. Finally, the patient was airlifted because a helicopter was initially unavailable. One potentially serious near-miss case involved a reported capnography device failure. Esophageal intubation was recognized rapidly, despite the faulty equipment (due to standard contingency plans for detecting failed intubation) and a second attempt was successful without significant delay. The incident had no impact on patient outcome.
Committee Actions
The responses to the detected critical incidents are shown in Table 4 . In the general observation category, paramedics were informed periodically of study trends via the RAV intranet and posters. Incidents of greater risk resulted in RAV-wide feedback that was specific for the problem. The second case of Pneumocath® failure was reported to a higher/external body. Higher level management review resulted in a state-wide alert for paramedics to declare any further issues with this equipment. appropriate preventative strategies to be instituted. 1 The assessment of mitigating factors gave a greater depth of understanding of the nature of incidents. Rating the potential impact of each incident allowed prioritization of action and feedback "closed the loop" of the CIM process. 1, 22 Feedback has been shown to change practice of surgeons and has the potential to do so with paramedics. 10 A large proportion of detected incidents were in the "near miss" category. Near misses are not captured in outcome-based studies (e.g., CCRTF) and facilitate a greater understanding of error without attributing undue importance because of poor patient outcome (which often is multi-factorial). 1, 7 They provide an excellent opportunity to analyze error without harming the patient, and they eradicate outcome bias. [24] [25] [26] It is well-described that minor critical incidents may coincide randomly and result in an adverse event. 32 The failure of the capnography device in this study had no impact on patient outcome, but potentially was catastrophic. Had the same paramedic been fatigued, inadequately trained to deal with failed intubation, or if the pulse oximetry probe had simultaneously failed, the result may have been very different. Near misses serve as powerful reminders and useful learning tools. 26, 25 Recurrent incidents were detected by this system as illustrated by the repeat failure of the Pneumocath ® device. The Pneumocaths ® were inserted by separate, experienced MICA paramedics; suggesting the possibly of a problem with equipment rather than technique. In-hospital studies reveal that most critical incidents and adverse events occur sufficiently infrequently to preclude meaningful characterization at a local level. The example of the Pneumocath ® (which rarely are required, but may be life-saving) is an illustration of the benefit of widespread CIMS. Studies support the use of national or large-scale databases for the detection of rare, yet repeated and important errors. 7 The two most commonly identified incidents in this project were response and scene times. There is substantial external and internal pressure on ambulance services to maintain acceptable response times. Ambulance response times are an indicator of the safety and quality of health care as a whole. Internally, response times are a performance indicator. Despite RAV Area 1 possessing acceptable overall response times, individual prolongations remain a concern due to their potential to precipitate serious adverse events. Response time was prolonged to a patient in the study who experienced a loss of consciousness following a drug overdose. Here, the outcome was favorable, but the risk of adverse event was rated as high on the risk matrix. Similarly, timely institution of "the chain of survival" (particularly in cases of ventricular fibrillation), mandates efficient ambulance response times to prevent adverse events. Adverse events come at a cost to the ambulance service of a decline in overall patient outcomes, a potential for litigation and damage to public regard. 22 This study identifies system deficiencies as a contributing factor in the majority of incidents. The "human errors" of patient management and technique were in most cases mitigated by circumstance. Boyle et al observed that, "in the past, if an incident was detected within the ambulance service, then the individual would likely be blamed". 22 Targeting individuals does little to prevent others from committing the same error in the future or to provide a system equipped to deal with the inevitable reoccurrence of error. 22, 28 Innovations to improve patient safety have been shown to require cultural change. 12, 33 There are several limitations to the study design. The process utilized significant resources, particularly staff hours. Debriefings involved multiple staff members on conflicting rosters and organization required much negotiation. An alternative approach would be to use the debriefing process more selectively in terms of cases addressed and staff present. Teleconferencing and individual staff debriefings are an option that will be explored during the major project.
This project makes no assessment of the incidence of error. A number of incidents will remain undetected by this system. Complete detection would be expensive and difficult, 1 and is beyond the scope of this study. In this model, the focus is on detection of negative events with no specific attention to outstanding care. This is a characteristic of most incident monitoring systems. Positive aspects of patient management were acknowledged in debriefings and reports in order to cultivate a productive environment for case discussion. During hot debriefings in particular, there was the opportunity to identify and acknowledge an innovative and effective approach to a problem with potential subsequent incorporation into established RAV practice and education streams.
Preventability of incidents was not assessed formally with this model, except where fatalities occurred. Recurring incidents regarded by the Committee to be preventable were identified and acted upon. No approximation of the number of adverse events prevented by this CIM was made. Studies of the impact of such systems on patient outcome are limited. Their implementation in hospitals have been shown in two small studies to reduce unsafe practices and the incidence of adverse events. 10, 12 The use of the Australian Incident Monitoring System (AIMS) (used across a number of specialties in Australia) has been shown in one study, to result in a perceived improvement in patient outcome in 75% of the users surveyed. Definitive reductions in morbidity and mortality as a result of error reduction tools are difficult to quantify. 8 A minority of all incidents will result in adverse events. Establishing causality of poor patient outcome (medical error or underlying disease) is difficult. 30 The short timeframe of this pilot study precludes firm conclusions about incident types; however, interesting trends have been detected. Currently, the number of cases is too small to necessitate change. The types of incidents detected by the CIMS may be a function of its design. People may be more likely to anonymously report, document, and disclose errors for which they are not entirely responsible. Furthermore, inappropriate diagnosis and delays in diagnosis may be difficult to detect on retrospective chart review. 32 This may have influenced the finding that most incidents are due to system inadequacies.
The major project currently is underway. As a result of this pilot, several changes to the system were made that Prehospital Critical Incident Monitoring System would have been difficult had the system been widely instituted from the outset.These include changes to database design and methods of coding and conduct of the "hot debriefing".
The results of the major project are anticipated enthusiastically. With greater numbers, the data have the potential to be used by RAV and other ambulance services as an important tool for education, quality improvement, and funding allocation. Data gathered may provide a platform for prospective subpopulation studies as found with the information gathered from the AIMS program. 34 The CIMS was found to be effective for the three-month pilot period. Sustainability will be tested over the duration of the major project.
If successful system use and sustainability is demonstrated in Area 1 RAV, it is anticipated that the process will be extended to the whole RAV system.
Conclusions
This pilot project demonstrates successful implementation of an incident monitoring system within a regional prehospital environment. The combination of incident detecting techniques has a high yield and the potential to capture different error types. The detection of a large proportion of incidents in the "near miss" category provides an excellent opportunity to analyze error without patient harm. System-related issues dominated the types of incidents uncovered and many incidents were found to be mitigated by circumstance. The model used is appropriate for ongoing incident monitoring in this setting.
